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ABSTRACT 

A new type of test apparatus has been invented which 

obtains en absolute value in foot-pounds for the frictlor 

energy required to  ignite explosivea» pyrotechnics,  pro- 

pellents and other high  energy compositions. 

The device obtains  the frlctlonal  enersry of ignltfon 

spinning a  rod on  the   sfijr4pjLt; held  in an  alunduin sample he     c. 

This  en&rgy  ^3 calculated fror, the torque load,   the  defle ": 

the revolutions per m'nute  pnd  the tine to fire.     Reprodu^ '- 

bility of test   results  usin^ duplicate  sanples  is  within , 

1/1 to 2^ range. 
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liNTRODUCTION 

Friction la one of the noat common cauae? of exploaions 

and flrea induced In pyrotechnic compoaitiona and explosives. 

It  ia very eaaential that a friction sensitivity v^luc be 

found for fll corapoaitions  in thene two cattcorier;.     .".  know- 

ledge  of the degr'c-f! of  senaitivlty of the compound  or corn- 

position  la uaed Jn  aetting up  safety procedurea  in roanuffictur- 

in,-',  tcntinp, hflndlirg,   storage and  transportation. 

Investigation of  existing methoda for determining friction 

aenaitivity diaclosed that  the  standard apparatus for deter» 

mining friction  aenaitlvity consisted of a  awlnging pendulum 

fitted with either a  ateel or fiber ahoe which  ia permitted 

to  aweep back and forward across a  aample placed on a grooved 

ateel friction anvil.     If tho  steel  shoe  demonstrates that  two 

mnterlala  ere  of the  rarne degree of  aensitivity,   the fiber  ahoc 

can  often be uaed to  ahow differences.     Thia  test  epptiratus   ' r. 

a fairly nns^Ivo piece of m.-i(.hintr^   n.~   the  shoe weigh5»  P)  .;;.io- 

f^rams. 

Consultntion with member1^  of vr  into^^ervice pyrotechnic 

research committee  1 cJ to  the conclusion  that  exisl.lng friction 

sensitivity testln/r apparatus were not capable of reproducing 

reliable teat  data.    ?he swlnginr; pendulum PISO indueec an 

impact   factor  into the  teat  results.     Some  specialized tc^t 

devices using  the pendulum principle al-^o contained a   sprint 
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whose tension would change with time, and the spring was 

difficult to duplloate. 

A friction sensitivity test apparatus was needed which 

could be duplicated from drawings ao that different test 

facilities could mnnufacture the device and with it determine 

meaningful, reproducible friction sensitivity test date on 

pyrotechnic compositions and explosives. 

The apparatus described In this report (Figure 1) was 

devised to meet the above requirements. It is called the 

Roto-Friction Test Apparatus. 

? 
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DESCRIPTION OP THE APPARATUS 
4 

The device consists of an alundum sample holder (Drawing 

No, RDT 2883) mounted In an aluminum cam torque converter 

(Drawing No. RDT 2822-^837) turning on bearings to reduce 

inertia. A calibrated weight is attached to the cam by a 

line run over a grooved drum. A table converts the cam's 
* 

degrees of revolution to inches so that the torque is read 

in ounce-inches. 

A friction rod (Drawing No. RDT 288||) spins on top of the 

sample held In the alundum sample holder. A selected force 

is applied to the rod by means of weights as indicated in 

Figure 1. A variable speed electric motor or a motor fitted 

with a variable belt drive turns the rod at the desired 

revolutions per minute. The r.p.m, are cheeked with a strob- 

o-acope. Any suitable bench drill press may be used as the 

driving force for the rod. 

The test apparatus is operated behind a 1/2" safety glass. 
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PROCEDURE 

Place weights on the friction rod to produce the desired 

force.  Select the desired r.p.m. end the torque lo«d. Plpce 

8 sample weighed to 20 + 1 mlillgrem In the slundum sample 

holder.  Lower the safety shield. 

Start the motor. Lower the spinning rod to rest on the 

sample and start the timer pt the snme time. At the moment 

of fire stop the timer. 

If the time of fire Is too short to be read, veduce the 

weights on the friction rods or the r.p.m.  A desirable range, 

not always obtainable. Is a firing time of 2 to 10 seconds. 

The torque reading In degrees should be between 5q - 3^°. 

The torque reading In this range may be obtained by adjusting 

the r.p.m., the weights applied to the friction rod, the torque 

weight or a combination of these factors. 

Fnter the factors defining the conditions of the test and 

the test data in the following tpble: 

Torque 
Load Oz. Deflectioii R.P.M. 

Degrees 
Time to Lba.Lord on Ignition Motation 
Fire Sec. Friction Rod Energy of 

Ft-Lbs Observa- 
tion 
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CALCUIATIONS 

The energy required to decompose the simple will be noted 

as a flash of fire, a cloud of smoke or as an audible report. 

This energy is calculated in foot-pounds by use of the follow- 

ing formula: 

Pomrule No.  1 E « TT VtT Ft.-lbs. 
30 

W = the angular velocity In revolutions per minute of the 
rotating friction rod. 

t = time of rotation in sec. 
T = Torque on the rod In ft.-pounds 

Since the torque data Is obtained In ounce-Inches, the 

product of these two values is converted to ft.lbs. by divid- 

ing by 192. 

A typical calculation is given from the data as collected 

below: 

Torque   Deflection      Time to    Lbs.Load on 
Load Oz. Degrees   RPM  Fire Sec.  Friction Rod 

k.2i  ""w %m— 2.2 —^s— 
The load on the friction rod is entered as one of the factors 

defining the conditions but it is not used in the formula. 

E ^1T2L00 ( iJtSL     > 2.2 = 3^.63 ft.-lbs. 

«This figure represents the torque arm length in inches. 

At 0° rotation the arm length is 1.25 In. Degrees deflection X 

,00381 + 1,25 in. = the arm length in Inches. In this partic- 

ular case 318° X .OG38I + 1,25  - 2.I4.6158 in. To «void 
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| calculations Table No. 1 has been made which translates the 

degrees of deflection into a torque arm length in inches. 

The table ranges from 0° to 360° by 5° intervals. 

Formula No. 1 assumes a constant torque as a condition 

of the test. The test data to date, from most of the tests, 

leads to the conclusion that this assumption is true. There 

have been two exceptions noted so far, smokeless powder and 

phosphorus. In the case of these two compositions, the torque 

reaches a first peak, the material melts and the torque 

decreases due to the liquid state's lower coefficient of fric- 

tion. The torque rises to a secondary peak, smaller than the 

first, at Which time firing occurs. 

In this case of a variable torque the quantity t T in the 

formula may be replaced by: 

Formula No. 2 E =rrWA 
—W~ 

A = the area under the curve obtfilned by grephing torque (T) 
in lb ft. VS time (t) in seconds. 
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CONCLUSIONS 

Examination of the teat results In Tables 2 and 3 demon- 

strates the validity of the test results obtained by the new 

friction sensitivity test apparatus. The load on the friction 

rod, the revolutions per minute and the torque load may be 

varied singly or in combinstion without Appreciably changing 

the value of the friction ignition energy. 

Examination of the test data in Table k  reveals 10 sets 

of duplicate sample results. The variation from the average 

of each of these duplicates was not more than 2^. 

The friction rod in the present apparatus is l/k"  drill 

rod steel tempered to Rockwell 58-60C. This rod acts as a heat 

sink. To avoid this factor n ceramic rod will be substituted 

which will be manufactured from Comings' super strength glass. 

Substitution of a non-heat conductive material will apply more 

of the frictlonel heat to the sample being tested. This should 

result in slightly lower readings in foot-pounds of energy. 

If it is necessary to obtain the energy in terms of the 

vftriable torque it will be obtslned by means of an electronic 

torque recorder. 

In the case of a variable torque the first peak torque 

represents the initial energy required for a phase change in 

the material undergoing test. This peak torque is followed 

by a decrease in torque with a subsequent rise to e secondary, 
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lesser torque peek. 

Without the energy needed to reach the initial peak no 

reaction could take place; therefore this energy can be 

pccepted as the frlctional energy necessary to initiate 

Ignition. Acceptance of this factor would obviate the 

necessity of recording a variable torque. 

By means of this invention en absolute vnlue in foot-pounds 

can be assigned to friction sensitive materials. The apparatus 

can be easily fabricated from drawings end will enable a test 

activity to produce test data which can be duplicated by any 

other test facility usirg the rpparatus. 

8 

*~.  .- läbfei 
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FIGURE 1 
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TABLE 1 
CHART FOR R0T-2822 

Rotavion in Degrees            Torque An Length in Inches 

0* 1.2S000 
5* 1.26905 
10* 1.28810 
IS* 1.3071S 
20' 1.32620 
25* 1.34S2S 
30' 1.36430 
35' 1.383SS 
40* 1.40240 
45* 1.42145 
50* K44050 
55* 1.45955 
60# 

1.47860 
65* 1.49765 
70* 1.51670 
75' 1.53575 
so- 1.55480 
gs* 1.57385 
90* 1.59290 
9S* 1.61195 
100* 1.63100 
10S* I.65005 
110* 1.66910 
115' 1.68815 
120* 1.70720 
125* i.^62S 
130* 1.74530 
135* 1.76435 
140' 1.78340 
145' 1.80245 
ISO' 1.82150 
155' 1.84055 
160' 1.8S960 
165' 1.87865 
170' 1.89770 
175° 1.91675 
180' 1.93580 
185' '.95485 
190' 1.97390 
195' 1.99295 
200' 2.01200 
205' 2.03105 
210' 2.05010 
215' 2.06915 
220' 2.08820 
22S' 2.10725 

10 



I TABLE 1   (Cont'd) 
I Rotation in Degrges Torque Arm Length In Inches 

250* 2.12630 
235* 2.14S3S 
240* 2.16440 
245* 2.1834S 
250* 2.202S0 
255* 2.22155 
260* 2.24060 
265* 2.25965 
270* 2.27870 
275* 2.29775 
280* 2.31680 
28S* 2.33585 
290* 2.35490 
295* 2.37395 
300* 2.39300 
305* 2.41205 
310° 2.43110 
315' 2.45015 
320' 2.46920 
325* 2.48825 
;<30o 2.50730 
335' 2.52635 
340' 2.S4540 
345° 2.56445 
350' 2.58350 
355* 2.60255 
360° 2.62160 

Each degree rotation represents .00381" increase in the 
torque aim.    Inch ounces may be determined by multiplying 
ounces weight times the torque arm length in inches. 

RPTR  No.   60 

31 
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TABLE 2 

Showing that the varlhles may be changed   with very slight effect on the 

friction sensitivity of A1A when expressed tn foot pounds of enerpy: 

Tonue   Pounds  Imltlon  

load Ounces I 

3.30 

fl.10 

^.27 

12.29 

12.29 

«#?0 

A.27 

fi.^0 

Peflectlon      RPM 
Deprees     I  

79 

79 

318 

46 

46 

173 

U 

Pull  Scale 

]08 

2^00 

2^00 

2inn 

2400 

2400 

3600 

3600 

3600 

Toad on 
Friction rod 

14 

11 

10 

20 

20 

15 

10 

10 

20 

Time to fire 
Seconds 

2.0 

2.0 

2.2 

1.9 

1.9 

1.9 

1.6 

1.7 

1.3 

•'nerpy 
FttLb3t, 

Kotes 

34.4« 

34.4« 

?6.63 

36.68 

^8.72 

37.^5 

36.96 

35.20 

Purns 

Hurns 

12 
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TABLE 3 

Showlnp th*t the vftHables way be chanped with very sllpht effect on the friction 

sensitivity of RAPEC when expressed in: 

Foot pounds of Biergy 

Torque Pounds Foot Pounds of 

Load 
Oince» 

reflection 
Perreps 

RPM of 
Press 

Toad on 
Press 

Flrinp Time 
Seconds 

Gnerpy to 
cause sample 
to fire 

Notes 

«.30 ^3 3600 25 ?.P 66.7«? r*etonafes 

^.30 U 3600 20 2.* 6^.70 » 

L,?l M>\ W~o 10 1.1 ^/..ZO 

i 

•i 

J 
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